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Foreword 

This Ethiopian Standard has been prepared under the direction of the Technical Committee for paper and pulp 
Products (TC 3) and published by the Ethiopian Standards Agency (ESA). 

The standard is identical with ISO 5351:201 0(E) Pulps — Determination of limiting viscosity number in 
cupri-ethylenediamine (CED) solution published by ISO 2010. 

For the purpose of this Ethiopian Standard, the adopted text shall be modified as follows. 

• The phrase "International Standard" shall be read as "Ethiopian Standard"; and 

• A full stop (.) shall substitute comma (,) as decimal marker. 
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Pulps — Determination of limiting viscosity number in cupri- 
ethylenediamine (CED) solution 



1 Scope 

This I nternational S tandard s pecifies a method w hich yi elds a nu mber that is an es timate o f t he limiting 
viscosity number of pulp in a dilute cupri-ethylenediamine (CED) solution. 

This International Standard is primarily applicable to CED-soluble samples of bleached chemical pulps, but 
can also be applied to any l<ind of pulp that dissolves completely in CED solution. 

NOTE 1 The r esults can be use d to e stimate t he e xtent of ce llulose de gradation ca used by co oking o r bleaching. 
Results obtained with samples containing appreciable amounts of substances other than cellulose must be i nterpreted 
with caution, however. 

NOTE 2 In the strictest sense, viscosity measurement procedures are applicable only to the polysaccharide fraction of 
the sample. This notwithstanding, viscosity measurement can usually be used to obtain a result on unbleached pulps 
having lignin co ntents of up to 4 %, because most of these pulps can be successfully dissolved in CED. However, the 
simple fact that an unbleached pulp can be dissolved in CED does not mean that the results are valid. In summary, 
viscosity results for pulps containing more than 0,5 % of lignin are not acceptable for technical specification purposes. 



2 Normative references 

The following r eferenced docu ments ar e i ndispensable for t he appli cation o f this docu ment. For da ted 
references, on ly t he ed ition c ited appli es. F or undat ed r eferences, t he I atest edit ion o f t he r eferenced 
document (including any amendments) applies. 

ISO 638, Paper, board and pulps — Determination of dry matter content — Oven-drying metliod 

ISO 7213, Pulps — Sampling for testing 

3 Terms and definitions 

For the purposes of this document, the following terms and definitions apply. 

3.1 
shear rate 

G 

velocity gradient of a fluid layer, parallel to the direction of flow, at the periphery of the capillary, defined by the 

equation 

G = ^V (2) 

where 

V is the volume between two arbitrary calibration marks on the viscometer, in millilitres; 

r is the radius of the capillary tube, in centimetres; 

?f is the efflux time of the fluid, in seconds. 
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3.2 

viscosity ratio 

relative viscosity (deprecated) 

''ratio 

ratio of the viscosities j] and ri^ of the polymer solution of stated concentration and of the solvent, respectively, 
at the same temperature 

'/ratio = — (3) 

NOTE Viscosity ratio is dimensionless. 

3.3 

viscosity relative increment 

viscosity ratio (3.2) minus one 

JL.^ = ^_zJl^ (4) 

NOTE Viscosity relative increment is dimensionless. 

3.4 

viscosity number 

VN 

ratio of the viscosity relative increment (3.3) to the mass concentration of polymer p, expressed in grams 

per millilitre, in the solution 

^-^^ (5) 

NOTE Viscosity number is measured in millilitres per gram. 

3.5 

limiting viscosity number 

limiting value of the viscosity number (3.4) at infinite dilution 



[nl = lim 



V-Vq 



.'70 XP. 
NOTE 1 Limiting viscosity number is measured in millilitres per gram. 



(6) 



NOTE 2 In the literature, the term intrinsic viscosity is often used and is equal to the limiting viscosity number. There is 
no general conversion factor between the limiting viscosity number in ml/g and other viscosities, determined by other 
methods and expressed in millipascal seconds (mPas) (see [7] in the Bibliography). 



4 Principle 

Measurement o f t he t imes o f e fflux of t he dil uted s olvent and t he pul p s olution through a ca pillary-tube 
viscometer at as pecified mass concentration at 2 5 °C. Ca Iculation by Martin's f ormula ( see [9] in the 
Bibliography) o f the lim iting viscosity number from t hese m easurements, and f rom t he kn own mass 
concentration of the solution. 



ES ISO 5351:2012 

5 Reagents and materials 

Use only chemicals of recognized analytical grade and only distilled or deionized water. 

5.1 Cupri-ethylenediamine ( CED) s olution, c(CED) = (1,00 ± 0,02) mol/l, s atu rated w ith copper(ll) 
hydroxide, for convenience referred to as CED solution. 

The solution contains 1,0 mol/l of copper, and 2,0 mol/l of ethylenediamine. It is commercially available, or 
may be prepared and analysed as described in Annex A. 

WARNING — Because of the presence of allergens, avoid contact of the skin with CED and 
ethylenediamine so lutions. Ethylenediamine i s v olatile a nd rep eated exp osure may lead t o severe 
respiratory al lergic react ions with su bsequent se nsitization. Cu pri-ethylenediamine s olutions s hould 
not be pipetted by mouth. CED solution is also environmentally harmful, and it is recommended to use 
a suitable destruction procedure before disposal. 

5.2 Glycerol, solution in water, c(C3H803) = 65 % (by mass), having a viscosity of about 10 mPas. 

5.3 Nitric acid (HNO3), dilute solution for cleaning the copper wire (6.4). 

5.4 Acetone (CH3COCH3), analytical reagent grade. 

WARNING — Acetone is inflammable. Keep aw ay from open fire. Do not use a gas heater. Follow 
pertinent safety regulations. 

5.5 Sulfuric-acid-based cleaning solution, designed for the washing of laboratory glassware. 

5.6 Reagents, for calibration of capillary-tube viscometers equipped with an automatic time-recording 
device. 

As specified in the manufacturer's instructions. 

6 Apparatus and materials 

Ordinary laboratory apparatus and the following. 

6.1 Capillary-tube viscometers (6.1.1 and 6. 1.2), each with a water jacket, connected to the constant- 
temperature bath (6.3). Two different viscometers are required because of the great difference between the 
viscosities of the test solution and the solvent. Suitable viscometers are shown in Figure 1 . 

NOTE Viscometers without a water jacket can be used if measurement is made while the viscometer is immersed in 
the constant-temperature bath. 

Capillary-tube viscometers equipped with an automatic time-recording device may be used, provided they 
comply with this International Standard and give similar results. 

Clean the viscometers by rinsing with water and acetone (5.4). If any residual material remains after cleaning, 
clean agai n w ith a s ulfuric-acid-based cl eaning s olution ( 5.5) des igned f or us e w ith I aboratory glassware. 
Soak particularly dirty tubes overnight or longer in this cleaning solution to remove all traces of contaminants. 
After cleaning, drain all cleaning solution from the tube, rinse well with water and acetone and dry. 

6.1.1 Capillary-tube viscometer for calibration purposes, having a ca pillary tube with a di ameterof 
(0,58 ± 0,02) mm and, in other respects, the dimensions given in Figure la). 

NOTE The efflux time of the viscometer for distilled or deionized water will be about 60 s. 

6.1.2 Capillary-tube vi scometer for determination of I imiting vi scosity number at co nstant s hear 
rate, having a capillary tube with a diameter of (0,80 ± 0,05) mm and, in other respects, the dimensions given 
in Figure lb). 
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NOTE 1 Efflux time is about 100 s for a solution of ;;/% = 8,4 at a shear rate (3.1 ) of (200 + 30) s-\ 

NOTE 2 Solutions of polymers of high relative molecular mass are usually non-Newtonian. Their viscosity decreases 
as the shear rate (or in the present case the flow rate) increases. To avoid this complication, this International Standard 
specifies that the viscosity be determined at a shear rate of (200 + 30)s ^ The dimensions of the viscometer [see 
Figure lb)] are such that, for a solution of viscosity 1 mPas, the efflux time is about 90 s and the maximum shear rate 
(3.1) is then within the range (200 + 30) s ^ 

Dimensions in millimetres 



C3 




o 




00,58 ± 0,02 



o 




o 
Ln 




;60,8 ± 0,05 



a) Viscometer for calibration 



b) Viscometer for determining viscosities 
of test solutions 



Key 

1 volume 1,0 ml or 2,0 ml 

2 volume 1,0 ml 



Figure 1 — Capillary-tube viscometers 



6.2 Dissolving bottles, of capacity approximately 52 ml, designed so that, when the bottle Is filled with 
50 ml of test solution, the remaining air can be expelled by squeezing the bottle. 

A polyethylene bottle with a screw cap and rubber sealing ring can be used. Practice will enable the analyst to 
expel the air and close the bottle with the screw cap I n one oper atlon. The air may also be e xpelled by a 
current of nitrogen. 

If the pulp does not dissolve readily, use a flat-sided bottle. 



6.3 Constant-temperature bath, capable of being maintained at (25 ± 0,1) °C, capable of accommodating 
the dl ssolving bot ties ( 6.2) and pr ovided w ith a pu mp for c irculating t he w ater t hrough t he jackets o f the 
viscometers (6.1.1 and 6.1.2). 
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6.4 Pieces of copper wire, approximately 3 mm in diameter and between 10 mm and 20 mm long. 

Clean t he pi eces o f co pper w ire r egularly w ith d ilute nit ric acid, r insing them t horoughly a fterwards w ith 
distilled or deionized water and letting them dry. 

6.5 Balance, accurate to ± 0,1 mg. 

6.6 Timing device, capable of being read to the nearest 0,1 s. 

6.7 Shatter or magnetic stirrer, for dissolving the test portion. 

7 Calibration of viscometers 

7.1 Bring the temperature of the various calibration liquids (see 7.2) and the viscometers (6.1.1 and 6.1.2) 
to (25,0 ± 0,1) °C. 

7.2 Use the viscometer specified in 6.1.1 [see Figure la)] as the calibration viscometer to measure the 
efflux times, in seconds, as described in 9.4, for 

a) distilled or deionized water, t^, 

b) glycerol solution (5.2), t^, and 

c) 0,5 mol/l CED solution, prepared by mixing equal volumes of distilled or deionized water and 1 mol/l CED 
solution (5.1), ^g. 

In each case, make at least two measurements and calculate the mean. 

The ratio of the efflux time for the CED solution to that of distilled water, tjt^, shall lie between 1 ,27 and 1 ,29. 

7.3 In the same way, measure the efflux time of the glycerol solution (5.2) in the viscometer to be calibrated 
(6.1.2) [see Figure lb)]. Calculate the viscometer factor/and the viscometer constant /j using the equations 

/ = ^ (7) 

h = ^ (8) 

where 

t^ is the efflux time, in s econds, of the gl ycerol s olution i n t he ca libration viscometer (6.1.1) [see 
Figure la)]; 

t^ is the efflux time, in seconds, of the glycerol solution in the viscometer to be calibrated (6.1.2) [see 
Figure lb)]; 

^g is the efflux time, in seconds, of 0,5 mol/l CED solution in the calibration viscometer (6.1.1) [see 
Figure la)]. 

The viscometer factor/is an apparatus constant and the viscometer constant h is dependent upon the solvent 
(CED solution) used. Consequently, h shall be determined each time a fresh CED solution is used. 

7.4 If viscometers with an automatic timing device are used, carry out the calibration in accordance with the 
manufacturer's instructions. 
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8 Sampling and preparation of sample 

If the test is being made to evaluate a pulp lot, the sampling shall be carried out in accordance with ISO 7213. 
If it is not, report the source of the sample and, if possible, the sampling procedure used. 

Take a sample corresponding to approximately 10 g of oven-dry mass. Examine the pulp sample. Ifshivesare 
present, remove them by hand using a pair of tweezers or suspend the sample in water and remove the 
shives by screening. If shives have been removed from the sample, this shall be stated in the test report. If it 
is expected that the pulp will not disintegrate easily when the test solution is prepared (see 9.3), disintegrate 
the sample in water in a suitable apparatus and form thin sheets in a Buchner funnel. Dry the pulp sample or 
the prepared sheets at room temperature to constant mass (drying can also be performed at an elevated 
temperature, but not above 60 °C as over-drying can lower the viscosity). Tear the dry sample into small 
pieces by hand, wearing gloves, and using a pair of tweezers if convenient. Do not cut the dry sample or use a 
mechanical shredder because the viscosity is likely to be lowered as a result of this process of disintegration. 



9 Procedure 

9.1 Choice of mass concentration of solution 

If the approximate value of the limiting viscosity number of the sample is not known, use a solution of mass 
concentration between 125 mg/50 ml and 150 mg/50 ml. If the limiting viscosity number obtained is not within 
the range specified by Table 1 for that mass concentration, adjust the concentration accordingly. 

Table 1 — Example of the mass concentration p to be used, as a function of the limiting viscosity 

number [77] which will be measured 



Limiting viscosity 
number [/;] 


Quantity of sam pie 


iVIass concentration, 

P 


ml/g 


mg/50 ml 


g/ml 


<650 


250 


0,005 


651 to 850 


200 


0,004 


851 to 1 100 


150 


0,003 


1 101 tol 400 


120 


0,002 4 



NOTE The mass concentration p specified in Table 1 is an approximate va lue when \rf\ Is more than 1 100 ml/g. 

Determine t he appropriate mass co ncentration p such t hat t he product [?;] x p is w ithin t he range 3, ± 0,4 for up t o 
1 100 ml/g and 3,0 + 0,1 for more than 1 100 ml/g. 



For samples of very high limiting viscosity num ber, the viscosity ratio is markedly dependent upon t he shear 
rate. If as hear rate of 200 s^'' istobeobt ained in t he viscometer, it i s ne cessary to use pulp mass 
concentrations selected in such a way that the measurements are made at exactly the same viscosity ratio. 
For pulps with a limiting viscosity number of less than 1 100 ml/g, shear rates of (200 ± 30) s^'' and values for 
[77] X yc of 3, ± 0,4 ar e all owabie, as t he er ror in the r esult w ill no t e xceed 2 %. F or pul ps w ith a limiting 
viscosity number of more than 1 100 ml/g, the error will be considerably larger if these tolerances are allowed. 
Accordingly, for ac curate det erminations at these h igh viscosities, it i s nece ssary to s elect pul p mass 
concentrations such that the product [77] x pis as close to 3,0 as possible and, in no case, outside the range 
3,0 ±0,1. If the approximate viscosity of the sample is unknown, an ex ploratory determination shall first be 
made to enable the correct mass concentration to be selected. 
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9.2 Weighing of test portion 

Weigh the chosen amount of sample to an accu racy of ± 0,5 mg into the dissolving bottle (6.2). At the same 
time, weigh a separate test portion for the determination of the dry-matter content in accordance with ISO 638, 
or any other method for the determination of dry-matter content giving similar results. 

Carry out the determination in duplicate. 

9.3 Preparation of test solution 

Using a pi pette, add 25, ml of distilled or deionized water to the test portion, together with 5 to 10 pieces of 
copper wire (6.4) if using a shaker (6.7), or a stirrer bar if using a magnetic stirrer. Close the bottle, and shake 
the mix until the test portion has been completely disintegrated. 

Add 25,0 ml of the CED solution (5.1) and expel all of the remaining air by squeezing the bottle. 

Re-close the bottle, and shake or stir again in the shaker or magnetic stirrer until the test portion is completely 
dissolved. 

Complete dissolution should take less than 30 min. 

Cold-alkali-treated pulps, and unbl eached pul ps of h igh viscosity, may sometimes be d ifficult to d issolve. I n 
such cases, dissolution is facilitated if swelling is prevented by first dissolving the pulp in a solution of lower 
CED concentration. Consequently, prepare a s lurry of the pulp in 25 ml of distilled or deionized water, add 
5 ml of the CED solution (5.1) and shake. Add another 5 ml of CED solution and shake again, continuing until 
the total volume of CED solution added is 25,0 ml. 

It is important that the sample dissolves completely. No lumps should be detectable. 

Do not s hake or s tir for longer t han nece ssary. When t he pul p has di ssolved, immerse the bot tie in t he 
constant-temperature bath (6.3) until a temperature of (25 ± 0,1) °C has been reached. 

As oxygen has a degrading effect on cellulose in CED solution, care shall be taken to avoid contact between 
air and cellulose in CED solution. This can be done by using polyethylene dissolving bottles with screw caps. 

9.4 Determination of efflux time 

Using suction, draw into the viscometer (6.1.2) a sufficient quantity of the test solution prepared in 9.3. Allow 
the solution to drain out freely, without any obstruction. When the meniscus is at the upper mark, start the 
timer (6.6) and measure, to an accu racy of ± 0,2 s, the time to drain to the lower mark (the efflux time of the 
solution). 

Make at least two determinations, the results of which shall agree within ± 0,5 %. Calculate the mean value. 



10 Calculation 

10.1 Viscosity ratio 

The viscosity ratio tj^^^-^^ {rjIrjQ) (3.2) is given by the equation 

'/ratio = — = hxt (9) 

'/O 

where 

t is the efflux time of the test solution, in seconds; 

h is the viscometer constant, in reciprocal seconds, determined as specified in 7.3. 



ES ISO 5351:2012 



10.2 Limiting viscosity number 

Using the value of t he v iscosity ratio ca Iculated in10. 1, obtain t he corresponding v alue for [ 77] x p from 
Table B.1 in Annex B. Calculate the limiting viscosity number [tj] to the nearest 1 ml/g. 

The values in Annex B were calculated using Martin's equation ([9] in the Bibliography). 

iogM = ^^^^-^Wp (10) 

where 

- — — is the viscosity number, in millilitres per gram; 
noP 

k is an empirical constant (for the pulp/CED system, k= 0,13); 

p is the mass concentration (calculated on an oven-dry pulp basis), in grams per millilitre, of the 

pulp in the diluted solvent (0,5 mol/l CED solution). 

EXAMPLE 

h = 0,081 s '' (obtained from the calibration procedure) 

t = 100 s (measured) 

p = 0,003 96 g/ml (calculated from the test portion mass and the dry-matter content) 

'Zratio = /!xi = 0,081 X 100 = 8,21 

The corresponding value for [tj] x p, taken from Annex B, is 2,967 and thus 

[n~\ = ^'^^^ = 749 ml/g =* 750 ml/g 
^ -^ 0,003 96 

10.3 Expression of results 

Report the limiting viscosity number to the nearest 10 ml/g. 

11 Precision 

11.1 General check using reference pulp 

As a checl< on the procedures used, it is recommended that the viscosity of a reference pulp with a l<n own 
limiting viscosity number in the same range as that of the sample be measured. Keep the reference pulp in a 
cool, dry, dark place. 

11.2 Repeatability 

To determine the precision, three pulp samples were analysed in ten different laboratories, five using manual 
time-recording and five using automatic time-recording. Each laboratory analysed the different pulp samples 
ten times in duplicate. Each laboratory calculated the mean result and t he coefficient of variation (CV). The 
repeatability coefficient of variation is given in Table 2 separately for manual and automatic time-recording, at 
three viscosity levels. 
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Table 2 — 


Repeatability of determination of limiting viscosity number 


Viscosity ievei 


iVIanuai time-recording 


Automatic time-recording 


ml/g 


iVIean 


CV 


iVIean 


CV 




ml/g 


% 


ml/g 


% 


650 


637 to 664 


0,4 to 1,2 


638 to 662 


0,1 to 0,7 


800 


773 to 806 


0,4 to 0,9 


770 to 806 


0,2 to 1,4 


1 150 


1 150 to 1 182 


0,5 to 0,8 


1 097 to 1 183 


0,3 to 1,0 



11.3 Reproducibility 

Three pulp samples were analysed in ten different laboratories, five using manual time-recording and five 
using automatic time-recording. The reproducibility is expressed as the coefficients of variation (CV) at three 
different viscosity levels. 

Table 3 — Reproducibility of determination of limiting viscosity number 



Viscosity ievei 

ml/g 


CV 

% 


650 
800 

1 150 


1,4 
1,7 
2,1 



12 Test report 

The test report shall contain at least the following information: 

a) a reference to this International Standard; 

b) all information necessary for complete identification of the sample; 

c) the date and place of testing; 

d) the result, expressed in millilitres per gram; 

e) if and how shives were removed; 

f) if an automatic time-recording device was used; 

g) details of any unusual occurrences observed during the determination; 

h) details of any departure from the requirement of this I nternational Standard that could have affected the 
results, as well as details of any operations regarded as optional. 
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Annex A 

(normative) 

Preparation and analysis of tiie cupri-etliylenediamine (CED) solution 



The preparation and analysis of tine cupri-ethylenediamine (CED) solution described in this annex is based on 
TappiT230om-04[i3]. 



A.1 Reagents 

During the analysis, use only reagents of recognized grade and only distilled or deionized water. 

A.1.1 Ethylenediamine (C2H8N2). 

A.1 .2 Copper sulfate pentahydrate (CUSO4 5H2O). 

A.1.3 Ammonia solution, containing about 250 g of ammonia (NH3) per litre (mass concentration shall be 
confirmed). 

A.1. 4 Barium chloride solution, containing about 100 g of barium chloride (BaCl2) per litre. 

A.1. 5 Potassium iodide solution, containing about 100 g of potassium iodide (Kl) per litre. 

A.1. 6 Sodium thiosulfate (Na2S203), 0,1 mol/l standard solution, freshly prepared. 

A.1. 7 Sulfuric acid (H2SO4), 2 mol/l and 0,5 mol/l standard solutions. 

A.1. 8 Sodium hydroxide (NaOH), 20 % standard solution. 

A.1. 9 Starch, 2 g/l indicator solution. 

A.1. 10 Phenolphthalein indicator solution. 

Dissolve 50 mg of phenolphthalein (C20H.14O4) in 50 ml of ethanol (C2H5OH), and dilute with 50 ml of water. 

A.1 .1 1 20 % ammonium thiocyanate solution 

Dissolve 10 g of thiocyanate crystal in 50 ml of water. 

A.1. 12 Methyl orange indicator solution, or any other acceptable indicator in the pH-rangeof 3 to 5. 

A.2 Apparatus 

Ordinary laboratory apparatus and the following. 

A.2.1 Reagent bottle, made of glass, narrow necked (see Figure A. 1 ). 

A.2.2 Magnetic stirrer. 

A.2. 3 pH meter. 
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A.3 Preparation of copper(ll) hydroxide 

Dissolve 250,0 g of copper sulfate (A. 1.2) in about 2 000 ml of liot water. 

Heat t o boili ng and add a mmonia solution (A. 1.3) s lowly with vigorous s tirring unt il t he s olution is faintly 
alkaline (about 1 15 ml of ammonia solution are required). Let the precipitate settle, and wash by decantation 
with 1 000 ml portions of water, four times with hot water and twice with cold water. Then add sufficient cold 
water to make the volume of the slurry 1 500 ml; cool below 20 °C (preferably below 10 °C), and slowly add 
850 ml of cold 20 % sodium hydroxide solution (A. 1.8) with vigorous stirring. 

Wash the precipitated copper(ll) hydroxide [Cu(0H)2] with water by decantation until the washings are 
colourless to phenol phthalein indicator solution (A. 1.10) and give no precipitation of sulfate upon addi tion of 
barium chloride solution (A. 1.4). 

Copper(ll) hydroxide purchased from chemical reagent suppliers may be used provided i t i s f ree f rom 
ammonia, chlorides, sulfates, and nitrates, and retains its blue-green colour when heated for 1 h at 100 °C. In 
this case, 97,5 ± 0,5 g of copper(ll) hydroxide should be used i n Clause A.4. Copper (II) hydroxide of good 
quality has a bl ue-green co lour. I f t he s ample is not pur e, and par ticularly if it co ntains a mmonia, it w ill 
gradually decompose and t urn br own d ue t o f ormation o f t he o xide. S uch a di scoloured pr oduct i s not 
satisfactory for the preparation of the reagent. If the hydroxide contains chlorides, sulfates, or nitrates, the 
determination of ethylenediamine will give results that are too low. 

A.4 Preparation of cupri-ethylenediamine solution 

Transfer the washed CO pper(ll) hyd roxide s lurries (A.3), us ing s ufficient water to make a total volumeof 
500 ml, to a 1 000 ml reagent bottle (see Figure A.I). The bottle is equipped with a r ubber stopper carrying 
two glass tubes, one of which (A) is straight and extends to within approximately 50 mm of the bottom of the 
bottle, and t he other having two side tubes (B and C) at right angles and extending just through the rubber 
stopper. One of the side tubes (B or C) is connected to a suction source and the other to the nitrogen supply. 

Clamp down the rubber stopper, exhaust the ai r with a I aboratory water aspirator and r efill the bottle three 
separate times with nitrogen at 14 kPa pressure. The rubber tubes and pi nch clamps attached to the glass 
tubes of the reagent bottle, as shown in Figure A.I, are used for this purpose. Create a partial vacuum in the 
bottle and add 160 ml of 70 % ethylenediamine (A. 1.1), taking ca re t hat no a irent erst he bottle. This i s 
accomplished by inserting a funnel in the rubber tube attached to the longer glass tube of the solution bottle 
and opening the pinch clamp just enough to allow the ethylenediamine to be drawn into the bottle. Since 
considerable heat is evolved at this point, it is desirable to keep cold water running over the bottle during the 
initial phase of the reaction. After the add ition of the ethylenediamine, the gas overt he liquid should be 
alternately evacuated and flushed three times with nitrogen at 14 kPa pressure. 

Shake the contents of the bottle several times during the course of an hour, and then let stand for 12 h to 16 h. 
A clear supernatant liquor will usually be obtained, but if desired, the solution may be filtered through a fritted- 
glass Buchner funnel, using suction, and again stored under nitrogen. 

A.5 Determination of copper concentration of copper(ll) hydroxide 

Using a pi pette, t ake a 25 ml s ample o f CE D s olution ( A.4) in the co Id r oom and dil ute t o 250 ml i n a 
volumetric flask. 

NOTE 1 Save the sample for the determination of ethylenediamine concentration (see A.6). 

Using a pi pette, transfer 25,0 ml of this solution to a 250 ml volumetric flask. Add 30 ml of potassium iodide 
solution (A. 1.5) and 50 ml of 2 mol/l sulfuric acid (A.1.7) to acidify. 

NOTE 2 The solution immediately takes on a dark brown colour that quickly changes to a dark greenish-brown colour. 
The colour is the result of a precipitate formed in the reaction. 
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Key 


1 


tube A 


2 


tubeB 


3 


tubeC 


4 


stopped clamp 


5 


rubber stopper 


6 


glass tubing 


7 


glass bottle 



Figure A.1 — Cupri-ethylenediamine (CED) reagent bottle 



Titrate the mixture with standard sodium thiosulfate solution (A.1.6) near to the starch end-point (the green 
colour remains for about 70 % to 75 % of the titration), using starch solution (A. 1.9) as the indicator. 

To perform the titration, it is necessary to constantly stir the mixture. This is achieved with best results using a 
magnetic stirrer. 

For example, if an end-point of 25,0 ml is expected, the green colour should remain until about 17 ml to 19 ml 
of the titrant is consumed. At this point, the mixture takes on a very creamy coffee colour, and the effect of 
adding more of the titrant is like adding more cream to the coffee. After addition of about 3 ml to 4 ml more, a 
mauve colour will appear with each drop and quickly fade. The mixture remains a very light creamy colour. At 
this point, the starch should be added. If the starch is not added, the mixture will become completely mauve. 
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and it is extremely difficult to see ttie end-point. Addition of the starch results in a creamy purple colour. The 
purple colourshould fade with the addition of moretitrant. Only about 0,3 ml to 0,5 ml of titrant should be 
needed after the addition of the starch. This should be the point right before the end-point. 

Just before the starch end-point, add 10 ml of ammonium thiocyanate solution (A.1.11) to intensify the titration 
end-point. The mixture becomes purple again. Continue to titrate to the starch end-point until the mixture 
fades to a mauve colour and finally becomes white at the end-point. 

NOTE 3 The end-point can appear as a salmon pink colour with the white colour of the precipitate developing only 
upon standing for a few minutes. 

The copper concentration CQ^J^, is given, in moles per litre (mol/l), by the equation 

ecu =0,04x^2 (11) 

where V2 is the volume of sodium thiosulfate standard solution (A. 1.6) used for the titration, in millilitres. 

A.6 Determination of ethylenediamine concentration of ethylenediamine solution 

Using a pipette, transfer 25 ml of the CED solution prepared in A.4 to a 250 ml Erienmeyer flask. Add 75 ml of 
water and titrate to pH 3 using a pH m eter (A.2.3) or methyl orange indicator solution (A.I. 12) with 0,5 mol/l 
sulfuric acid standard solution (A.1.7) while stirring. 

The ethylenediamine concentration c^q, is given, in moles per litre (mol/l), by the equation 

ced=0,2xFi-ccu (12) 

where 

F.| is the volume of 0,5 mol/l sulfuric acid solution (A.1.7) used for the titration, in millilitres; 
cq^j is the copper concentration (A.5), in moles per litre. 

A.7 Calculation of the ethylenediamine and the copper concentration and their ratio 

Calculate t he et hylenediamine co ncentration, c^p, t he cu pric ion co ncentration, CQ^J^, and their r atio, R, as 
follows: 

^^^^ M,.V,-M2.V2 ^^^ (13) 



"Cu 





V3 


■V5 


M2 

F3. 


■V2 
V5 


■V4 


CED 







(14) 



R = ^^^^ (15) 

ccu 

where 

V.^ is the volume of 0,5 mol/l sulfuric acid solution (A.1.7) used for the titration, in millilitres; 

V2 is the volume of sodium thiosulfate solution (A. 1.6) used for the titration, in millilitres; 

F3 is the volume of sample solution used for initial dilution, in millilitres; 

F4 is the volume of sample dilution, in millilitres; 
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Kg is the volume of diluted solution used for titration, in millilitres; 

M^ is the molarity of sulfuric acid solution (= 0,5 mol/l); 

M2 is the molarity of sodium thiosulfate solution (= 0,1 mol/l); 

c^D is the ethylenediamine concentration, in moles per litre; 

Cq^^ is the copper concentration, in moles per litre; 

R ratio ethylenediamine/copper. 

The ratio R shall be 2,00 ± 0,04 and the copper concentration shall be 1,00 ± 0,02 mol/l. If the ratio exceeds 
2,00:1, add fresh copper (II) hydroxide and repeat the stirring and determination of the solution as given above. 
If the ratio falls below 1,92:1, start with fresh copper(ll) hydroxide and increase the volume of ethylenediamine 
accordingly. 

After preparation, solutions shall be stored under a nitrogen atmosphere at all times. The concentrations of 
copper and ethylenediamine should be checked as specified in this annex, no less frequently than monthly. 
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Annex B 

(normative) 

Values of [77] x /? corresponding to different values of 
the viscosity ratio //ratio illlo) 



Table B.1 



'/ratio 


0,0 


0,01 


0,02 


0,03 


0,04 


0,05 


0,06 


0,07 


0,08 


0,09 


1,0 


0,000 


0,010 


0,020 


0,030 


0,040 


0,049 


0,059 


0,069 


0,078 


0,088 


1,1 


0,097 


0,107 


0,116 


0,125 


0,134 


0,144 


0,153 


0,162 


0,171 


0,180 


1,2 


0,189 


0,198 


0,207 


0,216 


0,224 


0,233 


0,242 


0,250 


0,259 


0,268 


1,3 


0,276 


0,285 


0,293 


0,302 


0,310 


0,318 


0,326 


0,335 


0,343 


0,351 


1,4 


0,359 


0,367 


0,375 


0,383 


0,391 


0,399 


0,407 


0,415 


0,423 


0,431 


1,5 


0,438 


0,446 


0,454 


0,462 


0,469 


0,477 


0,484 


0,492 


0,499 


0,507 


1,6 


0,514 


0,522 


0,529 


0,537 


0,544 


0,551 


0,558 


0,566 


0,573 


0,580 


1,7 


0,587 


0,594 


0,601 


0,608 


0,615 


0,622 


0,629 


0,636 


0,643 


0,650 


1,8 


0,657 


0,664 


0,671 


0,678 


0,684 


0,691 


0,698 


0,705 


0,711 


0,718 


1,9 


0,725 


0,731 


0,738 


0,744 


0,751 


0,757 


0,764 


0,770 


0,777 


0,783 


2,0 


0,790 


0,796 


0,802 


0,809 


0,815 


0,821 


0,827 


0,834 


0,840 


0,846 


2,1 


0,852 


0,858 


0,865 


0,871 


0,877 


0,883 


0,889 


0,895 


0,901 


0,907 


2,2 


0,913 


0,919 


0,925 


0,931 


0,937 


0,943 


0,949 


0,954 


0,960 


0,966 


2,3 


0,972 


0,978 


0,983 


0,989 


0,995 


1,001 


1,006 


1,012 


1,018 


1,023 


2,4 


1,029 


1,035 


1,040 


1,046 


1,051 


1,057 


1,062 


1,068 


1,073 


1,079 


2,5 


1,084 


1,090 


1,095 


1,101 


1,106 


1,111 


1,117 


1,122 


1,127 


1,133 


2,6 


1,138 


1,143 


1,149 


1,154 


1,159 


1,164 


1,170 


1,175 


1,180 


1,185 


2,7 


1,190 


1,196 


1,201 


1,206 


1,211 


1,216 


1,221 


1,226 


1,231 


1,236 


2,8 


1,241 


1,246 


1,251 


1,256 


1,261 


1,266 


1,271 


1,276 


1,281 


1,286 


2,9 


1,291 


1,296 


1,301 


1,306 


1,310 


1,316 


1,320 


1,325 


1,330 


1,335 


3,0 


1,339 


1,344 


1,349 


1,354 


1,358 


1,363 


1,368 


1,373 


1,377 


1,382 


3,1 


1,387 


1,391 


1,396 


1,401 


1,405 


1,410 


1,414 


1,419 


1,424 


1,428 


3,2 


1,433 


1,437 


1,442 


1,446 


1,451 


1,455 


1,460 


1,464 


1,469 


1,473 


3,3 


1,478 


1,482 


1,487 


1,491 


1,496 


1,500 


1,504 


1,509 


1,513 


1,517 


3,4 


1,522 


1,526 


1,531 


1,535 


1,539 


1,544 


1,548 


1,552 


1,556 


1,561 


3,5 


1,565 


1,569 


1,573 


1,578 


1,582 


1,586 


1,590 


1,595 


1,599 


1,603 


3,6 


1,607 


1,611 


1,615 


1,620 


1,624 


1,628 


1,632 


1,636 


1,640 


1,644 


3,7 


1,648 


1,653 


1,657 


1,661 


1,665 


1,669 


1,673 


1,677 


1,681 


1,685 


3,8 


1,689 


1,693 


1,697 


1,701 


1,705 


1,709 


1,713 


1,717 


1,721 


1,725 


3,9 


1,729 


1,732 


1,736 


1,740 


1,744 


1,748 


1,752 


1,756 


1,760 


1,764 


4,0 


1,767 


1,771 


1,775 


1,779 


1,783 


1,787 


1,790 


1,794 


1,798 


1,802 


4,1 


1,806 


1,809 


1,813 


1,817 


1,821 


1,824 


1,828 


1,832 


1,836 


1,839 


4,2 


1,843 


1,847 


1,851 


1,854 


1,858 


1,862 


1,865 


1,869 


1,873 


1,876 


4,3 


1,880 


1,884 


1,887 


1,891 


1,894 


1,898 


1,902 


1,905 


1,909 


1,912 


4,4 


1,916 


1,920 


1,923 


1,927 


1,930 


1,934 


1,937 


1,941 


1,944 


1,948 


4,5 


1,952 


1,955 


1,959 


1,962 


1,966 


1,969 


1,973 


1,976 


1,979 


1,983 


4,6 


1,986 


1,990 


1,993 


1,997 


2,000 


2,004 


2,007 


2,010 


2,014 


2,017 


4,7 


2,021 


2,024 


2,028 


2,031 


2,034 


2,038 


2,041 


2,044 


2,048 


2,051 


4,8 


2,054 


2,058 


2,061 


2,064 


2,068 


2,071 


2,074 


2,078 


2,081 


2,084 


4,9 


2,088 


2,091 


2,094 


2,098 


2,101 


2,104 


2,107 


2,111 


2,114 


2,117 
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Table B.1 (continued) 



'/ratio 


0,0 


0,01 


0,02 


0,03 


0,04 


0,05 


0,06 


0,07 


0,08 


0,09 


5,0 


2,120 


2,124 


2,127 


2,130 


2,133 


2,137 


2,140 


2,143 


2,146 


2,149 


5,1 


2,153 


2,156 


2,159 


2,162 


2,165 


2,168 


2,172 


2,175 


2,178 


2,181 


5,2 


2,184 


2,187 


2,191 


2,194 


2,197 


2,200 


2,203 


2,206 


2,209 


2,212 


5,3 


2,215 


2,219 


2,222 


2,225 


2,228 


2,231 


2,234 


2,237 


2,240 


2,243 


5,4 


2,246 


2,249 


2,252 


2,255 


2,258 


2,261 


2,264 


2,267 


2,270 


2,273 


5,5 


2,276 


2,280 


2,283 


2,286 


2,288 


2,291 


2,294 


2,297 


2,300 


2,303 


5,6 


2,306 


2,309 


2,312 


2,315 


2,318 


2,321 


2,324 


2,327 


2,330 


2,333 


5,7 


2,336 


2,339 


2,342 


2,345 


2,347 


2,350 


2,353 


2,356 


2,359 


2,362 


5,8 


2,365 


2,368 


2,371 


2,374 


2,376 


2,379 


2,382 


2,385 


2,388 


2,391 


5,9 


2,394 


2,396 


2,399 


2,402 


2,405 


2,408 


2,411 


2,413 


2,416 


2,419 


6,0 


2,422 


2,425 


2,427 


2,430 


2,433 


2,436 


2,439 


2,441 


2,444 


2,447 


6,1 


2,450 


2,452 


2,455 


2,458 


2,461 


2,463 


2,466 


2,469 


2,472 


2,475 


6,2 


2,477 


2,480 


2,483 


2,485 


2,488 


2,491 


2,494 


2,496 


2,499 


2,502 


6,3 


2,504 


2,507 


2,510 


2,512 


2,515 


2,518 


2,521 


2,523 


2,526 


2,529 


6,4 


2,531 


2,534 


2,537 


2,539 


2,542 


2,545 


2,547 


2,550 


2,552 


2,555 


6,5 


2,558 


2,560 


2,563 


2,566 


2,568 


2,571 


2,573 


2,576 


2,579 


2,581 


6,6 


2,584 


2,587 


2,589 


2,592 


2,594 


2,597 


2,599 


2,602 


2,605 


2,607 


6,7 


2,610 


2,612 


2,615 


2,617 


2,620 


2,623 


2,625 


2,628 


2,630 


2,633 


6,8 


2,635 


2,638 


2,640 


2,643 


2,645 


2,648 


2,651 


2,653 


2,656 


2,659 


6,9 


2,661 


2,663 


2,666 


2,668 


2,671 


2,673 


2,676 


2,678 


2,681 


2,683 


7,0 


2,686 


2,688 


2,690 


2,693 


2,695 


2,698 


2,700 


2,703 


2,705 


2,708 


7,1 


2,710 


2,713 


2,715 


2,718 


2,720 


2,722 


2,725 


2,727 


2,730 


2,732 


7,2 


2,735 


2,737 


2,739 


2,742 


2,744 


2,747 


2,749 


2,752 


2,754 


2,756 


7,3 


2,758 


2,761 


2,764 


2,766 


2,768 


2,771 


2,773 


2,775 


2,778 


2,780 


7,4 


2,783 


2,785 


2,787 


2,790 


2,792 


2,794 


2,797 


2,799 


2,801 


2,804 


7,5 


2,806 


2,809 


2,811 


2,813 


2,816 


2,818 


2,820 


2,823 


2,825 


2,827 


7,6 


2,829 


2,832 


2,834 


2,836 


2,839 


2,841 


2,843 


2,846 


2,848 


2,850 


7,7 


2,853 


2,855 


2,857 


2,859 


2,862 


2,864 


2,866 


2,869 


2,871 


2,873 


7,8 


2,875 


2,878 


2,880 


2,882 


2,885 


2,887 


2,889 


2,891 


2,894 


2,896 


7,9 


2,898 


2,900 


2,903 


2,905 


2,907 


2,909 


2,911 


2,914 


2,916 


2,918 


8,0 


2,920 


2,923 


2,925 


2,927 


2,929 


2,932 


2,934 


2,936 


2,938 


2,940 


8,1 


2,943 


2,945 


2,947 


2,949 


2,951 


2,954 


2,956 


2,958 


2,960 


2,962 


8,2 


2,964 


2,967 


2,969 


2,971 


2,973 


2,975 


2,978 


2,980 


2,982 


2,984 


8,3 


2,986 


2,988 


2,991 


2,993 


2,995 


2,997 


2,999 


3,001 


3,003 


3,006 


8,4 


3,008 


3,010 


3,012 


3,014 


3,016 


3,018 


3,020 


3,023 


3,025 


3,027 


8,5 


3,029 


3,031 


3,033 


3,035 


3,037 


3,040 


3,042 


3,044 


3,046 


3,048 


8,6 


3,050 


3,052 


3,054 


3,056 


3,058 


3,061 


3,063 


3,065 


3,067 


3,069 


8,7 


3,071 


3,073 


3,075 


3,077 


3,079 


3,081 


3,083 


3,085 


3,087 


3,090 


8,8 


3,092 


3,094 


3,096 


3,098 


3,100 


3,102 


3,104 


3,106 


3,108 


3,110 


8,9 


3,112 


3,114 


3,116 


3,118 


3,120 


3,122 


3,124 


3,126 


3,128 


3,130 


9,0 


3,132 


3,134 


3,136 


3,138 


3,140 


3,142 


3,144 


3,147 


3,149 


3,151 


9,1 


3,153 


3,155 


3,157 


3,159 


3,161 


3,163 


3,165 


3,166 


3,168 


3,170 


9,2 


3,172 


3,174 


3,176 


3,178 


3,180 


3,182 


3,184 


3,186 


3,188 


3,190 


9,3 


3,192 


3,194 


3,196 


3,198 


3,200 


3,202 


3,204 


3,206 


3,208 


3,210 


9,4 


3,212 


3,214 


3,216 


3,218 


3,220 


3,222 


3,223 


3,225 


3,227 


3,229 


9,5 


3,231 


3,233 


3,235 


3,237 


3,239 


3,241 


3,243 


3,245 


3,247 


3,249 


9,6 


3,250 


3,252 


3,254 


3,256 


3,258 


3,260 


3,262 


3,264 


3,266 


3,268 


9,7 


3,270 


3,271 


3,273 


3,275 


3,277 


3,279 


3,281 


3,283 


3,285 


3,287 


9,8 


3,288 


3,290 


3,292 


3,294 


3,296 


3,298 


3,300 


3,302 


3,303 


3,305 


9,9 


3,307 


3,309 


3,311 


3,313 


3,315 


3,316 


3,318 


3,320 


3,322 


3,324 
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Table B.1 (continued) 



'/ratio 


0,0 


0,01 


0,02 


0,03 


0,04 


0,05 


0,06 


0,07 


0,08 


0,09 


10,0 


3,326 


3,344 


3,363 


3,381 


3,399 


3,416 


3,434 


3,452 


3,469 


3,487 


11,0 


3,504 


3,521 


3,538 


3,554 


3,571 


3,588 


3,604 


3,620 


3,636 


3,653 


12,0 


3,669 


3,684 


3,700 


3,716 


3,731 


3,747 


3,762 


3,777 


3,792 


3,807 


13,0 


3,822 


3,837 


3,852 


3,866 


3,881 


3,895 


3,910 


3,924 


3,938 


3,952 


14,0 


3,966 


3,980 


3,994 


4,008 


4,021 


4,035 


4,048 


4,062 


4,075 


4,088 


15,0 


4,101 


4,115 


4,128 


4,141 


4,153 


4,166 


4,179 


4,192 


4,204 


4,217 


16,0 


4,229 


4,242 


4,254 


4,266 


4,279 


4,291 


4,303 


4,315 


4,327 


4,339 


17,0 


4,351 


4,362 


4,374 


4,386 


4,397 


4,409 


4,420 


4,432 


4,443 


4,455 


18,0 


4,466 


4,477 


4,488 


4,499 


4,510 


4,521 


4,532 


4,543 


4,554 


4,565 


19,0 


4,576 


4,586 


4,597 


4,608 


4,618 


4,629 


4,639 


4,650 


4,660 


4,670 
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Annex C 

(informative) 

Calculation of degree of polymerization 



Several e xpressions ha ve been pr oposed f or t he r elation be tween t he lim iting viscosity nu mber and t he 
relative molecular mass, M,., or the degree of polymerization, DP (see References [1], [2], [3], [4], [6] and [12] 
in the Bibliography). 

Before ca Iculating the degree of polymerization, the limiting viscosity number should be corrected for the 
amounts of non -cellulose co nstituents i n t he s ample. F or t his pur pose, estimates of t hese am ounts ar e 
required. 

When reporting the relative molecular mass or degree of polymerization calculated from a determination of the 
limiting viscosity number, both the limiting (intrinsic) viscosity number and the formula and literature reference 
used shall be reported. 



18 



ES ISO 5351:2012 



Bibliography 



[I] Evans, R., Wallis, A.F.A. Cellulose molecular weights determined by Viscometry. J. Appl. Polym. Sci. 
1989, 37, pp. 2331 -2340 

[2] Evans, R., Wallis, A.F.A. Comparison of cellulose molecular weights determined by high performance 
size exclusion chromatography and viscometry. Fourth Int. Symp. Wood Chem., Paris, pp. 201-205, 
1987-04 

[3] Gruber, E., Gruber, R. Viskosimetrische Bestimmung des Polymerisationsgrades von Cellulose. Das 
Papier, 1981, 35, pp 133 - 141 

[4] Immergut, E.H., Schurz, J., Mark, H. Viskositatzahl-molekulargewichts-beziehung fur Cell ulose und 
Untersuchungen von N itrocellulose i n verschiedene Los ungmitteln. Monatshefte Chem . , 1953, 84, 
p. 219 

[5] Jayme, G., El-Kodsi, G. Bericht uber die Tatigkeit der Arbeitsgruppe fur die Viskositatsbestimmung 
cellulosehaltiger Stoffe in Verein Zellcheming von 1964 bis 1969. Das Papier, 1970, 24, pp. 410 - 414, 
501 - 505 

[6] Marx-Figini, M.: Significance of the intrinsic viscosity ratio of unsubstituted and nitrated cellulose in 
different solvents. /Angeiv. Makromol. Chemie, 1978, 72, pp. 161 - 171 

[7] SiHTOLA, H., Kyrklund, B., Laamanen, L., Palenius, I. Comparison and co nversion of viscosity and 
DP-values determined by different methods. Paperija Puu special number, 1963, 4a, pp. 225 - 232 

[8] Wetzel, F. H., Elliot, J. H., Martin, A.F. Variable shear viscometers for cellulose intrinsic viscosity 
determinations. Tappi, 1953, 36, pp. 564 - 571 

[9] Martin, A.F. Toward a referee viscosity method for cellulose. Tappi, 1951 , 34, pp. 363 - 366 

[10] Wilson, K. A tentative m ethod fordet ermination of viscosity of cellulose di ssolved in 
cupriethylenediamine. Svensk Papperstidn., 1952, 55(4), pp. 125- 133 

[II] Wilson, K. Some factors to be taken into co nsideration in a r outine-control m ethod for v iscosity 
determination o fee llulose. EUCEPA Symp osium,S chriften des V ereinsder Z ellstoff- und 
Papier-Chemiker und -Ingenieure, Band 27, Darmstadt, pp. 135 -145, 1958 

[12] Da Silva Perez, D., Heiningen, A.R.P. Determination of cellulose degree of polymerization in chemical 
pulps by viscosimetry. Seventh E uropean Workshop on Lignocellulosics and Pulp, Turku, pp. 393 - 
396, 2002 

[13] TAPPI Test Method T 230 om-04, Viscosity of pulp (capillary viscometer method) 



19 



^ I 




Organization and Objectives 



The Ethiopian Standards Agency (ESA) is the national standards body of Ethiopia 
established in 2010 based on regulation No. 193/2010.ESA is established due to the 
restructuring of Quality and Standards Authority of Ethiopia (QSAE) which was 
established in 1970. 

ESA 's objectives are:- 

♦ Develop Ethiopian standards and establish a system that enable to 
check weather goods and services are in compliance with the 
required standards, 

♦ Facilitate the country's technology transfer through the use of 
standards, 

♦ Develop national standards for local products and services so as to 
make them competitive in the international market. 

Ethiopian Standards 

The Ethiopian Standards are developed by national technical committees which are 
composed of different stakeholders consisting of educational Institutions, research 
institutes, government organizations, certification, inspection, and testing 
organizations, regulatory bodies, consumer association etc. The requirements and/ 
or recommendations contained in Ethiopian Standards are consensus based that 
reflects the interest of the TC representatives and also of comments received from 
the public and other sources. Ethiopian Standards are approved by the National 
Standardization Council and are kept under continuous review after publication and 
updated regularly to take account of latest scientific and technological changes. 
Orders for all Ethiopian Standards, International Standard and ASTM standards, 
including electronic versions, should be addressed to the Documentation and 
Publication Team at the Head office and Branch (Liaisons) offices. A catalogue of 
Ethiopian Standards is also available freely and can be accessed in from our 
website. 

ESA has the copyright of all its publications. No part of these publications may be 
reproduced in any form without the prior permission in writing of ESA. 
International Involvement 

ESA, representing Ethiopia, is a member of the International Organization for 
Standardization (ISO), and Codex Alimentarius Commission (CODEX). It also 
maintains close working relations with the international Electro-technical 
Commission (lEC) and American Society for Testing and Materials (ASTM) .It is a 
founding member of the African Regional Organization for standardization 
(ARSO). 



More Information ? 
Contact us at tite following address. 

The Head Office of ESA is at Addis Ababa. 

Son- 646 06 85, Oil- 646 05 65 
^011-646 08 80 
El 2310 Addis Ababa, Ethiopia 
E-mail: info@ethiostandards. org. 
Website: www.ethiostandards.org 
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